Portions of this document may be illegible in electronic image products. Images are produced from the best available original document.
INTRODUCTION
About 12,000 retail fertilizer dealers distributed over 50 million tons of fertilizer materials in 1994 (WA Commercial FertiZizers 1994). These same dealers also distribute a large percentage of all pesticides used in the United States, with pesticide consumption exceeding 500 million pounds of active ingredients in 1994 (USDA, 1994) . Both fertilizers and pesticides are primary sources of surface and groundwater contamination in the United States.
The high volume of fertilizer and pesticides fbnneled through a relatively small number of distribution outlets has made these agribusiness sites potential sources of surface/ groundwater contamination in watersheds surrounding the agrichemical facilities. Pollutants can leave the retail sites in a number of ways, with the most common being runoff of spilled materials due to poor stewardship andor operating practices, onsite washing of tanks and applicators without some method of collecting rinsates, or the more catastrophic occurrence of the rupture of a liquid fertilizerhulk chemical tank.
The agrichemical industry came under increased pressures in the mid-1980s to implement environmentally sound management practices and to install containment structures around fertilizer and chemical storagelhandling areas to prevent fbture contamination of existing sites or the movement of contaminants offsite. TVA' s long and successfbl history of technology transfer to the retail fertilizer industry, as %ell as the technical expertise of the Agency's staff, made TVA ideally suited to handle the new environmental challenge. It was during this time period that TVA's Model Site Demonstration Program (MSD) and Individual Technology Demonstration Program (ITD) were conceived. The main objective was and is pollution prevention.
Since inception, the pollution prevention program and the technologies advanced by it have made a very positive impact on the U.S. agrichemical industry, as well as on other TVA programs. This paper is an attempt to document'these impacts, with primary focus being placed on the program's impact on the agribusiness dealer who implements the pollution prevention technologiedpractices recommended by TVA To document the program impact at the agribusiness dealer level, a comprehensive questionnaire was sent to all MSDhTD cooperators as well as to about 50 fertilizer dealers to whom TVA has provided some form of environmental assistance without benefit of formalized contracts. The questionnaire was designed to collect data on: (1) how well the pollution prevention technologies recommended by TVA actually worked, (2) TVA's performance as a supplier of environmental information, (3) the initid investment and annual cost per ton associated with pollution prevention structures installed at the MSDfiTD sites, (4) agribusiness strategies used to offset environmental costs, (5) benefits the agribusinesses accrued as a result of the installation of pollution prevention structures, and (6) the technology transfer aspects of the programs.
POLLUTION PREVENTION PROGRAMS AT TVA Propram Backwound
In the past, the major sanctioning force for TVA agricultural research was TVA's national fertilizer research and development mandate. With the loss of public support for fertilizer research in 1993, TVA restructured its agricultural research program to emphasize development of solutions to water quality problems at a watershed level.
TVA was encouraged by the U.S. Environmental Protection Agency (EPA), the U.S. Department of Agriculture, Office of Technology Assessment, state regulators, industry, and others to keep and/or restructure the ongoing pollution prevention projects involving retailers who market or use fertilizers, pesticides, and other agrichemicals. TVA agreed to do so and continues to incorporate these activities in its research program agenda.
National policy is emphasizing the watershed approach as a key concept in managing nonpoint source pollution (NPS) challenges. Everyone lives and works in a watershedthe area from which water drains into a body of water. According to EPA, agriculture is the leadiig contributor of pollution. to 72 percent of the nation's impaired river miles and half of the impaired lake acres. Contaminated groundwater also contributes to the pollution of streams, lakes, and wetlands. Agricultural retailers play a vital role in . watershed protection, both directly and indirectly. They can implement technologies and improved management practices onsite. They also can provide services, counsel, and instruction about safe use of fertilizers and crop protection chemicals to farmers and to other users.
Propram PhilosoDhv and Obiectives
Farming and related agricultural industries represent about 20 percent of the economic activity in the nation. TVA's pollution prevention program for agricultural retailers recognizes the need to provide practical and affordable solutions to environmental problems in order to protect the economic base of communities by reconciling business viability with environmental protection. The pollution prevention program is not driven by regulatory compliance issues. However, the industry's need to solve compliance-driven problems has provided TVA an entree into working with retailers and also with the agencies responsible for writing regulations on non-compliance issues. TVA's intent is to develop information and experience to guide others--the retailer, by enhancing a pollution prevention consciousness that goes beyond compliance; and the regulator, by providing expert information for drafting environmental principles, laws, regulations, and recommendations.
Other important operational principles include: onsite research and testing to encourage adoption of technologies, new or old, to fit the business situation; selective use of incentives to promote participation by industry firms; inter-and intra-agency coordination; and maintaining effective linkages with suppliers of support services.
The general objective of the program is to provide research, development, and application of pollution prevention technologies and strategies for industries which market or use fertilizers, pesticides, and other agricultural chemicals. Specifk objectives are to:
(1) conduct applied research to identiG environmentally sound and cost-effective materials of construction and practices for pollution prevention at agrichemical industry sites; (2) conduct case study research on "model sites" to determine effectiveness of structures or practices in place or modifications needed to protect the environment; (3) ensure that recommended alternatives are consistent with current or anticipated regulatory principles, laws, regulations, or recommendations; and (4) provide environmental information on research findings to agricultural industries and to other institutions serving agriculture.
Model Site Demonstrations and Individual Technolorn Demonstrations
Model site demonstrations are joint efforts between TVA, the agrichemical industry, and cooperating organizations, including state fertilizer and chemical associations, state regulatory officials, environmental management iirms, and university environmental stewardship of agricultural industries. The demonstration concept used is based on TVA's history of success in utilizing demonstrations as an educational tool. The model site demonstrations and individual technology demonstrations serve .as "living laboratories" for researchers, technologists, and educators, as well as participants, on ways for retailers to improve environmental conditions at their sites.
Appendix A and appendix B provide a list of 62 MSD/ITD sites in 27 states that TVA has served over the past several years. The geographic locations of these sites are found in figure 1 on the following page. Appendix C &mishes a partial listing of other agribusiness dealers across the United States to whom TVA has provided some level of environmental assistance, However, these dealerships do not, by definition, qual* as either MSDs or ITDS.
to improve
The 19 demonstrations listed in appendix A are termed "model sites" because they emphasize good environmental stewardship for the entire business operation. These sites demonstrate to other dealers how to keep raw materials and products onsite and how to prevent accidental spills from getting into surface or groundwater. These demonstrations stemmed fiom recognized needs to: (1) develop information and expertise to guide others; (2) test numerous methods of containment, materials of construction, management practices, and monitoring techniques for reducing pollutant discharges; (3) enhance/ emphasize industry's commitment to environmental stewardship and its willingness to spend a great amount of money to protect the environment; (4) identifjl future research needs; and (5) serve as a catalyst to encourage cooperation across a broad spectrum of appropriate industry and agency groups to identifjl and develop practical solutions that fertilizer dealers could understand and implement.
One drawback to the MSD program has been the time required to select, implement, and showcase a site. To effect the transfer of environmental technologies to more sites at a lower cost to TVA, the concept of the individual technology demonstration was born.
ITDs tend to move much faster, cost considerably less to implement, and involve more tangible concepts than do MSDs. And ITDs fit objectives of introducing new environmental technologies or improving attendant systems for operational technologies.
Appendix B contains a list of the 43 ITDs completed to date. ITDs are designed to address specific technologies that hold promise for reducing costs while enhancing technical, environmental, and economic efficiencies. These demonstrations may involve aspects as simple as the design of a load pad or as complex as a complete retrofit of an existing site or the design of a new plant at a different location. In effect, ITDs can, and very often do, encompass the "entire site" just as the MSDs do, the only difference being the number of agencies involved in the initial planning and implementation.
Pollution prevention program emphasis is on transferring currently available technology to help solve environmental and waste management problems and on developing and introducing needed new technologies. The MSD/ITD programs attempt to bridge the gap between research findings and their practical application and evaluation by retail dealers under field conditions. Pollution prevention information generated fiom demonstration sites is shared with others in a variety of ways, typically falling under the category of "technical assistance and information transfer." Forums for delivery are symposiums, conferences, articles published in trade magazines, TVA publications, technical assistance, open houses and organized tours at demonstration locations, committee representation, video productions, and the TKA EnvironmentaI Hmtdbook for Fertilizer and Agrichemid DeaIers.
TVA's role in the MSDs has been: (1) site assessment and recommendations, (2) engineering assistance, (3) engineering concept designs, and (4) research and educational forums. Agri-industry's role has included: (1) paying for the installation of recommended environmental features and (2) providing access to the site for research/ demonstration purposes.
TVA's role in the ITDs is virtually the'same as in the MSD program, the exception being that engineering and design work is performed on a cost-share basis with the agrichemical dealer paying up to $4,500 for these services. The fee is based on the complexity of the pollution prevention structures designed and installed.
Results fiom both programs have: (1) been used to write model legislation at both state and national levels; (2) helped reduce product shrinkage; (3) played a major role in obtaining reduced insurance rates for many retailers; (4) perhaps reduced fbture cleanup costs; (5) reduced the potential for loss due to vandalism; (6) promoted enhanced community and customer perception of the business unit; (7) brought about increased physical productivity at the facilities involved; (8) produced improved employee productivity; and (9) increased the economic value of sites for fbture sale.
Pollution Prevention Research and ADulication
Most of the products or technologies that TVA has introduced into the marketplace in the past have required substantial initial basic research as well as some degree of field level "applied" research to make the productdtechnologies work in field applications. The MSDhTD programs are different in that basic research has not been required. TVA already had vast experience in how agrichemical sites were built and operated. And with this expertise came the knowledge of where problems might arise fiom an environmental perspective. Therefore, the programs required the application of known containment technologies to a new industry. TVA's expertise in the fertilizer and chemical industry made it uniquely qualified to know what containment technologies could be adapted to agrichemical environments.
At the time the MSD program was initiated in the late 1980s, Iowa was the only state which had containment regulations in place. These regulations, among other things, specified where containment was required and how much. Therefore, TVA's initial efforts in designing pollution prevention structures centered on meeting or exceeding the design criteria for fertilizer and pesticide containment in Iowa.
As the MSD/ITD programs expanded across the United States, so did TVA's knowledge base expand. The staff could draw fiom a wide range of experiences on which materials of construction worked for agrichemical containment and which did not or which concrete additives or coatings reduced corrosion and fieeze damage. This knowledge, combined with original knowledge of retail fertilizer production facilities and their operation, gave TVA a decided advantage in the environmental arena-an advantage that most private engineering firms could not and can not match. Not only can TVA make the necessary recommendations for fertilizer and agricultural chemical containment, but TVA also can advise the dealer on how plant layout can be changed to remove bottlenecks and increase plant efficiency to levels previously unattainable.
The design of pollution prevention structures and development of the management practices mentioned above are addressed by TVA staffwho work directly with the agrichemical dealer. Much of the information and expertise used comes fiom actual field experience. However, many aspects of the design for pollution prevention structures and the management practices are mandated in state containment regulations. TVA, as a f respected leader and fiend to the fertilizer industry, has played both an advisory and direct role in the draftiing of state containment regulations.
Pollution prevention structures, by definition, are designed to prevent or greatly reduce the possibility of a release of contaminants into the surrounding environment. Typical examples of pollution prevention structures and/or technologies that TVA has recommended for use in agrichemical facilities include:
Containment for fluid fertilizers and pesticides.
Containment around liquid material transfer points, such as load or wash pads. Containment around dry material transfer points, such as material loadinglunloading and mixing areas. Facility redesign (when possible) to achieve environmental and production efficiencies. Implementation of environmental best management operating practices.
Containment for fluid fertilizers and pesticides usually involves some form of diking. TVA has typically recommended concrete to form these relatively small containment areas. However, economics usually dictate that containment for large tanks, with capacities over 100,000 gallons, be constructed using earthen dikes, synthetic liners, high-clay content soils, or other soils which meet permeability standards.
A load pad is used to contain fluid materials around material transfer points. Load pads are usually made of concrete and are sloped so that spilled liquids will drain into a sump.
Materials collected in the sump are then pumped to holding tanks from which they can be recycled into the production process, sold as a lower-analysis mixture, or land applied. The load pad can also be used by the dealer to wash down application vehicles after use; however, TVA recommends that a separate wash pad be installed. TVA has recommended that where possible these pads should be covered to reduce problems associated with stormwater collection and management.
Spillage of dry materials usually occurs near the blending area; between the blending area and dry storage; or at points where the dry materials are transferred into storage by either truck, rail, or barge. Typically, dry materials can be contained with concrete pads at these transfer points. The concrete prohibits movement of the dry materials and also affords easy cleanup.
Once pollution prevention structures are in place, the dealer then must implement management practices to assure that the facility is operated in an environmentally d e manner. A partial listing of issues the agrichemical dealer must now address include: stormwater management, concrete coating recommendations, the recycle of waste materials, disposal of pesticide containers, where and how pesticides are to be mixed, applicator washdown after use, emergency response plans, employee training, employee safety, security, maintenance of pollution prevention structures, general site stewardship, and nutrient management plans in some areas of the United States. Whenever the opportunity arises, TVA will advise plant management on physical layout considerations that will maximize both environmental and production efficiencies.
Propram Influence on State Containment Remlations
TVA's earliest influence on state containment regulations resulted fiom committee work conducted with the Association of American Plant Food Control Officials (AAPFCO).
The TVNAAPFCO committee combined the best parts of the Iowa and Illinois containment regulations and developed a "model regulation" that could be used by other states to draft their own environmental laws. While regulations differ some fiom state to state, typically there is not that much difference with respect to the major aspects of the design criteria, thanks to the TVNAAPFCO effort.
Another way TVA has influenced containment regulations is through direct contact with agencies charged with writing the regulations. TVA has involved these agencies in the planning and implementation of all MSDs, and at some point the agencies have been briefed on work at the ITDs. They have seen first-hand the pollution prevention structures installed to prevent contaminants fiom leaving plant sites. And, as "living laboratories," the MSDs and ITDs have demonstrated over time that the pollution prevention technologies implemented do work. TVA also has provided direct input into the writing of regulations in Idaho, South Dakota, and Tennessee.
As of early 1994,13 states (Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, Ohio, Oklahoma, South Dakota, Wisconsin, and West Virginia) had containment regulations in place, and 7 others (Colorado, Idaho, Kentucky, Louisiana, North Dakota, Tennessee, and Texas) were in the process of drafting legislation. California and Florida have no containment regulations as such, but the agrichemical industry must be in compliance with state water quality standards. About 75 percent of the fertilizer material used in the United States in 1994 was consumed in these 22 states (see figure 2 on following page). Demonstration dealers were asked about the timing of environmental investments, how well the pollution prevention structures recommended by TVA had worked since installation, things they would have done differently, and how well TVA performed as a supplier of environmental information and technology.
Regulatory requirements have now been enacted in most states where demonstration sites are located. However, most of these states gave retailers a grace period between the time when the regulations were enacted and when enforcement was to begin to make necessary environmental changes at their plants. Many of these regulations do not take effect until sometime in 1996-98. Why then did these demonstration dealers make substantial environmental investments in the early 199Os? Most indicated that their early environmental investment resulted from a combination of needing to make site improvements at older facilities and recognizing that these improvements should be made in such a way that regulatory requirements would be met. Another factor was the knowledge that investments made in pollution prevention structures would significantly lower dealer environmental liabilities. In other words, it was cheaper to prevent an accident than it would be to clean one up.
The demonstration dealers chose TVA to do the design work primarily because of TVA's experience, expertise, and credibility in the fertilizer industry. These particular dealers were confident that TVA could deliver a containment design that was right for their specific plant as well as one that would be in compliance with all current and fiture environmental regulations. TVA-designed containment structures also implicitly carried with them a "seal of approval" that could be used as a marketing tool.
All survey respondents indicated that the pollution prevention structures, as designed by TVA, worked to their satisfaction. One demonstrator reported that he liked the design so much that he duplicated it at his other two plants. Only four dealers indicated they would do anything differently ifthey had the opportunity to do so. The changes they would make were relatively minor and related to the installation of a larger pump for recycle, or stainless steel rings to hold gravel in place around liquid storage tanks, or a different type of waterstop.
About half the respondents pointed out that changes made in the physical layout of their plants to accommodate pollution prevention structures had actually improved traffic flow and streamlined loadout and mixing to the extent that production and application efficiencies were increased. In effkct, these dealers increased their daily production which translates into less overtime, greater application efficiencies, and, more importantly, greater production capacity in abbreviated fertilizer seasons.
About a third of the respondents indicated that they believe they could have gotten the same level of environmental engineering expertise fiom a private engineering firm;
however, all respondents stated that they would use TVA again ifthey had it to do over or if additional structures were required in the future.
Economic Costs Associated With Investments in Pollution Prevention Structures and Environmental Regulations Demonstrator Characteristics and the Annual Cost of Fertilizer and Chemical Operations
The demonstrators who responded to the survey typically were large, independent, multiproduct (fluid and dry materials) dealers. Just over half of the respondents were independent dealers, 20 percent were corporately owned, and the remaining 25 percent were cooperatives.
The demonstrators had an average asset value of $428,000 in fertilizer-related equipment and $320,000 in application equipment, making a total asset value of $748,000. The average replacement value of these assets was estimated to be roughly $1.3 million. The average age of fertilizer-related equipment was 9.1 years, while age of the application equipment averaged 6.5 years.
The annual fertilizer tonnage sold by the demonstrators by product type is listed in appendix D and is shown graphically in figure 3 on 
Investment in Pollution Prevention Structures
Total investment in pollution prevention structures by the 27 demonstrators reporting was $4,940,070. Twenty-two respondents indicated that additional expenditures of $2,204,000 (total) would be required to bring their facilities into full regulatory compliance. The average current and future investment cost was reported to be $182,966 and $100,182, respectively. The median current investment was $100,000 and the median fiture investment value was $45,000 (see figures 5 and 6 on following pages). The difference between average and median values suggests that the data are substantially skewed to the left, meaning that the median values may be a better indicator of typical investments, current and future, by most agrichemical retailers. About eighty percent of the respondents made noncapital expenditures (e.g., training, etc.) averaging $13,750 per location.
Eightytwo percent of the respondents indicated that they used full-time labor in the construction of pollution prevention structures. Utilization of "in-house" labor reduced construction costs by an average of $23,864 per location. One dealer reported dollar savings substantially above the $23,864 reported above and was therefore omitted fiom the average.
If it is assumed that the expenditures made by the 27 respondents are representative of the 35 M$D/ITD dealers who did not return questionnaires, then the total investment at all MSD/ITD locations would be approxiinately $16.3 million, $1 1.3 million in current expenditures and $5.0 million in future expenditures.
A linear regression was run to determine ifa statistical correlation existed between the size of demonstration, measured by annual tonnage, and environmental expenditures. Results indicated that the correlation coefficient (?) was only 0.12, suggesting very little correlation. The primary reason for the low correlation may be because each and every fertilizer plant is different. Plants differ with respect to current and past management/operating practices, age, and structures already in place that impact environmental investments. Each of these factors will impact the difficulty and the cost that must be i n c~~e d to bring a plant into compliance fiom an environmental standpoint. For example, a relatively new 10,000-ton facility with good management -and operating practices in place may require less environmental investment than will a 5,000-ton older facility where past operating practices are environmentally questionable.
Materials of Construction Cost
Placing a dealer's blender/mixer and loadout under roof is not a regulatory requirement, but it is highly recommended for stormwater management and for related environmental management problems. Nineteen of the demonstrators reported that they have their blenders or mixers under roof. Fifteen of the demonstrators indicated that these buildings were newly constructed. Average construction cost for these new structures was $16.13 per square foot. The range in prices was generally $12422 per square foot. Construction materials reported were split between woodsiding, woodsteel, and concretekeel.
Concrete has been the primary material used in the construction of pollution prevention structures at the demonstration sites. The cost of finished concrete, which includes forming, steel placement, concrete placement, and finishing, averaged $101.22 per yard and was reported by 18 dealers.
Three dealers provided information on concrete coating costs. These dealers reported average costs of $0.53 per square foot. They also indicated that they would have to replace the coating in four years. I Three dealers provided cost information on hypalon synthetic liners. The average cost of the liner was $2.50 per square foot.
Annual Cost of Pollution Prevention StructuresEnvironmental Rwulations
Data on the annual cost of environmental structuredregulations were collected fiom 18 demonstration dealers. The annual environmentally related costs were categorized as: (1) salaries and wages, (2) maintenance and repairs, (3) insurance, (4) depreciation, and
The average annual cost of investments in pollution prevention structures and of other items relating to environmental regulations for the 18 demonstrators reporting was $4. 83 per ton of product sold. This average is based on total costs of $1,093,280 and a total annual throughput of 226,408 tons. The median cost per ton was $4.61. These data are presented in appendix E and in figure 7 on the following page.
Salaries and wages allocated as environmental costs include time spent by employees and plant management in: (1) repairing, maintaining, and cleaning pollution prevention structures; (2) preparing environmental reports; and (3) managing any environmentally related matters. The total annual cost of salaries and wages associated 4 t h pollution prevention structures and complying with regulations was $332,988. This is equal to $1.47 per ton of product sold or 30.5 percent oftotal annual environmental costs. Only 3 of 22 dealers reporting indicated that additional full-or part-time employees were hired as a direct result of environmental improvements or regulatory requirements.
Maintenance and repair cost for environmental structures is defined as the cost of materials used to repair these structures. Maintenance and repair costs totaled $78,038 and were reported by 16 dealers. The average cost was equal to $0.34 per ton or 7.1 percent of total annual environmental costs. 
Demonstntlon Locatlorn
A portion of total insurance costs can usually be allocated as an environmental cost. Environmental insurance costs were reported by 17 dealers and totaled $83,548-p1 average cost of $0.37 per ton of product sold or 7.6 percent of annual environmental costs.
Annual depreciation cost associated with pollution prevention structures was the largest single expense item, as was expected, and totaled $395,294. Depreciation costs were reported by all 18 demonstrators. The average depreciation cost was $1.75 per ton of product sold or 36.2 percent of the total annual environmental costs.
General officehusinesdmisllaneous expense is a "catch all" category. The expenses reported in this category include such items as interest expense, office supplies, postage, contractual costs, legal expenses, ground or water sampling, site improvement costs, and any other expense incurred as a result of environmental investments or regulations. These expenses totaled $203,412 and were reported by 17 demonstrators. The average cost was $0.90 per ton of product sold or 18.6 percent of the total environmental expenses.
Estimation of Annual Environmental Costs Usinp an Economic Enpineerinp Amroach
The survey indicated that only 3 of the 27 demonstrators who responded had actually estimated the annual cost pollution prevention structures prior to installation at their facilities. Thus, it is apparent that a methodology for estimating annual environmental costs, based on the level of investment, would be useful to agrichemical dealers for planning purposes prior to the actual investment.
To estimate the annual per-ton cost of pollution prevention structures and practices relating to environmental regulations, the agribusiness manager must first estimate the annual fixed and variable costs associated with the investment@). Annual fixed costs include: depreciation, maintenance and repair, taxes and insurance, and interest. Variable costs include: salaries, wages, and other miscellaneous environmental expenses.
Depreciation costs can be calculated using the straight-line or any other method desired. Total investment in pollution prevention structures for the survey respondents totaled $4,940,070. or $182,965 per plant. If it is assumed that there is no salvage value and that there is a 15-year life of the asset, the annual depreciation (calculated by the straight-line method) would be-%12,198.
Interest cost on the $182,965 environmental investment, iffinanced at 10 percent for 3.0 years, would be $12,585 per year. Interest costs should be calculated regardless of whether the investment capital is to be borrowed or is to come fiom company reserves.
The survey indicated (as reported by 19 demonstration dealers) that annual maintenance and repair costs associated with pollution prevention structures averaged $2,861 for years 1-3; $4,451 for years 4-6; and $7,003 for years 7-10. These levels of expenditures equal 1.4,2.4, and 3.6 percent of the initial investment cost for the three respective time periods. On average, the annual maintenance and repair cost is equal to 2.5 percent of the initial investment in environmental structures. Therefore, the estimated maintenance and repair costs associated with the $182,965 environmental investment would be $4,574 per year.
The annual cost of taxes and insurance averaged 2.2 percent of initial investment, as reported by the 19 demonstration dealers. Therefore, the estimated annual tax and insurance cost associated with the $182,965 environmental investment would be $4,025.
The coefficients for both maintenance and repairs. and taxes and insurance are lower than had been estimated for retail fertilizer facilities in the past (Foster and Simpson,"Estimated Ownership and Operating Costs for Selected Types of Retail Fertilizer Facilities-An Update"). However, previous coefficients included costs for all the plant and equipment. The coefficients listed above are generally for concrete structures; therefore, one would expect costs to be lower. Also, using the "average" coefficients to estimate annual costs for maintenance and repairs and taxes and insurance tends to overestimate actual expenses incurred during the first years and underestimate expenses in later years.
The total for annual fixed costs-the sum of depreciation, maintenance and repaks, taxes and insurance, and interest expenses-for the $182,966 investment is estimated to be $33,382. This is equal to $2.65 per ton based on 12,578 tons of product sold per year.
Operating costs associated with salaries and wages, together with other miscellaneous environmental expenses, totaled $29,800, based on responses fkom 18 dealers (appendix E). This is equal to about 16 percent of the initial environmental investment per location, including interest costs. It is impossible to estimate how much interest expense is contained in the $29,800 cost above. However, for planning purposes, an operating cost of between 10 and 15 percent can be assumed and probably not be too far off base. For estimation purposes, 13 percent was used as the operating cost coefficient in this study.
Therefore, the annual variable costs associated with the $182,966 environmental investment would be equal to $23,785 or $1.89 per ton of product sold.
'
Total estimated annual costs, based on the assumptions used above, would equal $57,167 or $4.54 per ton of product sold. While the estimated cost, arrived at by using this economic engineering methodology, is $0.30 below the average cost actually reported in the survey, it is still close enough to be usehl as a,planning tool for evaluating alternative levels of investment by management. The estimated annual costs associated with alternative levels of environmental investment are presented in appendix F.
Dealer Stratwies for Offsettinp the Cost of Pollution Prevention StructuresEnvironmental Redations
With few exceptions, the investment in pollution prevention structures w i l l increase operating costs. As a result, the investment can be termed "dry" or "passive"; that is, no increase in returns can be directly attributed to the investment in the traditional sense. There are four general methods of offsetting the additional costs that are incurred as a result of investments in pollution prevention structures. The agrichemical dealer can:
(1) increase product prices, (2) increase tonnage throughput, (3) reduce costs, or (4) use a combination of strategies 1-3. However, demonstration dealers, and others making environmental investments, must realize that until all their competitors make the mandated investments, there will be no single strategy they can employ that will recover all additional environmental costs without impacting their competitive position in the market, especially with respect to price increases. In effect, the playing field is not level because of the differing cost structures.
Demonstration dealers were asked what methods they had used to attempt to offset the additional costs associated with environmental investments. About half of the demonstrators responding indicated that they had increased product prices. However, competition in the market area severely limited the magnitude of any price increase. As a result, none of the demonstrators were able to offset all additional costs by usiig this method. Seven demonstrators indicated that they were able to increase prices and recover an average of 40 percent of the increased environmental costs.
All of the demonstrators reporting indicated that they had made an effort to increase tonnage sold. E a positive initial margin is present, then this is a viable strategy for offsetting environmental costs. Eighty percent of the respondents reported that they had experienced increases in tons of product sold. Thirteen demonstrators reported that tonnage increases had offset about 28 percent of their increased environmental costs.
About two-thirds of the respondents reported that they had tried to reduce expenses as a means of offsetting environmental costs. In most of these cases, maintenance and repair expenses were targeted for cost reduction. Also, several dealers reported that increased plant efficiencies had reduced production and labor expenses, particularly overtime wages. However, none of the demonstrators reporting could accurately determine the percentage of environmental expenses that were actually offset.
It should be noted that the percentage of costs offset by both price increases and increased tonnages of product sold were not necessarily reported by the same demonstrators. Therefore, it would not be accurate to sum the two percentages and state that 68 percent of environmental costs are being offset by these two strategies. It would be accurate however, to say that the MSD/I"D dealers are implementing a combination of management strategies to offset environmental costs and that, conservatively speaking, these strategies are possibly offsetting 10-30 percent of annual environmental costs.
Benefits Accrued From Installation of Pollution Prevention Structures
A number of benefits, both tangible and intangible, may be realized as a result of investments in pollution prevention structures and in adopting environmentally sound operating practices. Both tangible and intangible benefits can only complement the management strategies utilized above and thus add to the percentage of environmental costs that can be offset.
Tanpible Benefits
Thirty-seven percent of the dealers reporting indicated that they had experienced a decrease in product loss since pollution prevention structures and environmental operating practices were put in place. Eight dealers reported that the dollar value of this reduction averaged $3,412 per year.
Only two demonstration dealers reported a reduction in insurance costs resulting fiom the installation of pollution prevention structures. Both dealers reported a cost reduction of $5,000. While only two demonstrators have experienced decreased insurance costs thus far, the fact that these two have done so would indicate that such possibilities are there for everyone.
Seventy-five percent of the dealers reported that they had received rebates fiom chemical companies. Typically, these rebates are received when containment around chemical storage is constructed. Data on the rebate amounts were not collected.
Eighty percent of the dealers responding reported an increase in product sales (tonnage) since completion of pollution prevention structures. On average, 27 percent of increased sales volume. was attributed to environmental site improvements and 73 percent of the increase was attributed to market factors. Again, assuming a positive initial margin, these increases in tonnage sold can be translated into higher profits.
Eighty-eight percent of the dealers reported that plant efficiency had increased as a result of environmental improvements and changes made in operational procedures. These increased efficiencies were expressed, in part, in increased productivity and were the result of improvements made in the physical layout of the plant as pollution prevention structures were installed. Also, greater employee productivity proved to be a product of cleaner and more efficiency-oriented working conditions. Increased production and employee productivity translate directly into higher profit levels.
Tntanpible Benefits
Intangible benefits involve public, customer, and even employee perceptions about the business unit. The installation of pollution prevention technologies and operating procedures make positive statements about the agrichemical plant, dealership management, and the dealer's commitment to the future. This type of "professionalism" can be readily marketed, and, in turn, can translate into increased tonnage sold and higher profits.
Positive perceptions reported:
Seventy-four percent of the dealers responding reported that farmerdcustomers had a higher regard for their businesses since construction of pollution prevention structures.
Fifty-six percent of the dealers reported that they believed the community or general public's perception of their business was more positive since environmental investments had been made.
Six dealers who responded have received environmental awards for pollution prevention measures taken at their facilities. In total, 15 MSD/ITD dealers have received environmental awards. One MSD dealer won an additional award for pollution prevention structures and practices put in place at one of his other plant sites. He patterned environmental measures implemented there after his TVA-designed model site. These awards can be used as marketing tools by the demonstrators.
Fie-two percent of the dealers reported that improved customer perception of the business, as a result of environmental technologies installed or awards received, had led to an increase in product sales.
0
Sixty-eight percent of the dealers reported that employee morale had increased as a result of environmental improvements and changes made in operational procedures.
Ninety-six percent of the managers reported that their own peace-of-mind had increased as a result of environmental improvements and changes made in operational procedures.
TECHNOLOGY TRANSFER ASPECTS OF THE.

MSD/ITD PROGRAMS
Technology transfer has long been an integral and successful part of TVA's outreach activities. Such activities have been based on some important beliefs about the characteristics of a successful program. These beliefs include: inter-and intra-agency coordination; working with and through local people; maintaining effective links w i t h suppliers of support services; the demonstration method of technology introduction; onsite testing and research to encourage adoption of technologies, new or old, to fit the business situation; and selective use of incentives to promote participation. Perhaps above all else, the success of TVA outreach activities has centered on TVA's having the trust of its customers in the agrichemical industry-trust in TVA as an agency, trust in TVA technology, and trust in the TVA staffdelivering the technology. The MSD/ITD programs incorporate all of the above characteristics and in so doing have been highly successfid in transferring pollution prevention technologies and operating practices to the agrichemical industry.
There are many ways that environmental technologies can be "marketed" to the industry. However, personal contact with industry participants and "hands-on" demonstrations form the backbone of TVA's technology transfer efforts. Following is a list of key methods TVA has utilized to transfer environmental technologies to the agrichemical industry. In each instance, TVA staff serve as a clearinghouse of environmental information aimed at industry participants or the agencies and organizations that serve the participants. Using these methodologies, TVA has been able to impact a large segment of the agrichemical industry in spite of declines in program fhding and stafhg levels. TVA management and staff have given over 65 presentations on environmental topics, with a combined attendance of 4,000 agrichemical dealers. TVA stafF have written 11 internal TVA papers, 2 of which have had a combined distribution of 1,500 copies. At least 12 papers have been published in widely distributed trade magazines, such as Dealer Progress and Farm Chemicals, as well as Application Technology, and in newsletters, such as "Agricenter T-," as well as in several state plant food association communications. In addition, numerous non-TVA authored articles haveappeared in the trade press highlighting TVA's pollution prevention program. And at least three TVAsponsored (or co-sponsored) conferences on environmental technologies have been held, with about 800 agrichemical dealers attending.
SUMMARY
Fertilizers and pesticides are a major source of surface and groundwater contamination in the United States. The agrichemical industry came under3ncreasing pressures in the mid 1980s to implement environmentally sound operating practices and install containment structures around fertilizer and chemical storagehandling areas to prevent contaminants fiom moving offsite into adjoining watersheds. This led to the implementation of TVA's model site and individud technology demonstration programs. .
The genera! objectives of these programs have been to provide research, development, and application of pollution prevention technologies and strategies for industries that market or use fertilizers, pesticides, and other agricultural chemicals. To meet these objectives and aid in the transfer of environmental technologies, 62 pollution prevention researcWdemonstrations have been established in 27 states.
It is estimated that two-thirds of the agrichemical industry has been directly or indirectly exposed to the pollution prevention technologies demonstrated by TVA at these MSDiITD dealer locations. Direct exposure has been accomplished through tours of the MSD/ITD sites; TVA-sponsored environmental conferences and workshops; papers, publications, and videos; telephone and mail contact with TVA M, and personal contact with TVA staffin the field. Indirectly, the exposure has come fiom TVA's input into the writing of state environmental regulations.
The demonstration dealers have reported that the pollution prevention structures recommended by TVA are working to their satisfaction and that they were more than satisfied with TVA's performance as a supplier of environmental informatiodtechnology.
The average annual cost of pollution prevention structures installed at demonstration sites was $4.83 per ton of throughput. The median cost was slightly lower at $4.61 per ton.
Benefits associated with environmental investments, as reported by the demonstration dealers, included: lower shrinkage costs, lower insurance costs, rebates fiom chemical companies, increased production and application efficiencies, and increased annual tonnage of product(s) sold, with the latter resulting fiom improved and more positive customer perception of the agribusiness unit: The end result of these benefits is increased economic value of the business site. Thus, the tangible and intangible benefits associated with investments in pollution prevention structures and improved managementloperational strategies recommended by TVA partially, and in some cases completely, offset the annual cost of the environmental investment. The "close to neutral" benefit-cost ratio makes the "mandated" environmental investment by some agrichemical dealers more palatable. And there is strong indication that it may actually encourage environmental investments by agrichemical dealers in states where environmental regulations are not yet in place or where regulations are currently being considered. 
